Distribution of cerebral blood flow was measured with an array of 200 ultra-pure germanium radiation detectors and 133-Xe by inhalation. The array "sees" the head as a composite of different subvolumes and enables measurement of the concentration history of tracer every 1-10 sec in each subvolume simultaneously. Subvolume mean flows, (f m ), and partition coefficients, X m , are derived by compartmental analysis of tissue concentration washout curves. Errors from "cross talk," scalp radiation, "look through," and assumed partition coefficients are eliminated. Average f m adjusted for 40 mm Hg P,\co2' n 14 cortical subvolumes (7 right, 7 left) of four normal 21-24 year old controls ranged from SO to 60 ml/100 cc tissue/min, and X m ranged from 0.97 to 1.14. Average f m and >.", in white matter was 24 ml/100 cc/ min and 1.42 -1.14 respectively. During CO 2 inhalation, right and left hemispheric f m increased 6.4% and 5.7%/mm Hg respectively, whereas white matter f m increased 2.2% and 3.4% mm Hg respectively. There was no systematic difference between front and back or dominant vs non-dominant sides. Three 73-84 year old controls had reduced f m and CO 2 reactivity in all subvolumes. >. m was in the same range as in younger controls. Two patients with intracranial cerebrovascular disease showed excellent localization of ischemic subvolumes. One patient with asymptomatic unilateral 98% stenosis of the internal carotid artery had a similar distribution of blood flow in both hemispheres.
Cerebral Distribution of 133-Xe and Blood Flow Measured
With Stroke Vol 16, No 1, 1985 IN PREVIOUS PUBLICATIONS we described an instrument that enables measurement of the 3-D distribution of the cerebral blood flow in the entire brain simultaneously using gamma photon emitting radioisotopes.' 2 The CEREFLO instrument consists of 200 high purity germanium (HPGe) radiation detectors located about the head in precisely determined orientation. The array "sees" the head as a composite structure of anatomic subvolumes and measures the concentration of tracer in each subvolume every 1-10 sec depending upon the count rate. Blood flow in each subvolume is computed from the concentration history (/LtCi/cc tissue) of 133-Xe. Some important attributes of the method are that "cross-talk" is not a source of error, that radiation from the scalp is not a source of error (the scalp is an actual subvolume in which tracer concentration is measured), that "look-through" is eliminated, that knowledge of partition coefficients is unnecessary (though they may be determined if desired), that radiation exposure is low, and that the entire head is studied simultaneously.
In this report we present results to demonstrate the capability of the CEREFLO technique to measure the distribution of cerebral blood flow in healthy human subjects and in patients with cerebrovascular disease.
The CEREFLO System
The heart of the CEREFLO system is the stationary array of 200 HPGe detectors located about the head in precisely determined orientation ( fig. 1 ). The array surveys the object within its confine, i.e. the head and brain, as if it were a structure of contiguous subvolumes with known boundaries. The output of each detector is expressed by an equation that relates count rate to quantity of radioisotope in each subvolume of tissue in the solid angle of view of a collimated detector taking into account gamma photon yield, detector size and efficiency, solid angle efficiency, attenuation, inverse square effect, collimator factor, and empiric factors. The resulting 200 simultlaneous linear equations are solved by the conjugate gradient method 1 " 3 for radioisotope concentration in each subvolume simultaneously over successive intervals of a few seconds. The distribution of cerebral blood flow is then derived from the concentration history. The robust matrix is overdetermined by a factor of 5:1 in order to improve the accuracy of solution. 2 The method for dividing the brain into subvolumes, i.e. volumes of interest, is described in the next section. The sizes need not be uniform. However, if some are smaller, others must be correspondingly larger.
Accurate reconstruction of the 3-D distribution of a single gamma photon emitting radioisotope requires stable, high energy resolution detectors. This is necessary to reject noise from secondary radiation which degrades data. Measurements in our laboratory indicate that as much as 25%-30% of counts with a Vi inch collimated Nal(Tl) crystal in rCBF (regional cerebral blood flow) instruments originate outside the solid angle of view of a detector. By contrast, the collimated HPGe detectors in the CEREFLO array are virtually unaffected by radiation activity in neighboring volumes. 2 Fig. 2 shows the 133-Xe energy spectrum measured with HPGe and with Nal(Tl). At 81 Kev the energy resolving capability is 3.2% full width half maximum for HPGe and 17% for Nal(Tl).
The 9 x 9 x 7 mm detectors are packaged in individual evacuated pods housed in vacuum tight cryostats which are attached to dewar vessels by cold fingers. The dewars contain liquid N 2 (cost, $100-125/ wk) and are mounted on a frame that permits the entire array four degrees of freedom of motion. The detectors are maintained at 85° K continuously but can withstand warming to room temperature without degradation of performance. 2 The output of each detector passes through a sensitive FET preamplifier and single channel analyzer. It is then stored in a computer for processing at the end of the study. The computer is also used in calibrating and monitoring the efficiencies of the detectors. Breathing gas with 133-Xe (10 mCi/1) is delivered from a Douglas bag kept in a lead lined cabinet. The subject breathes through a SCUBA mouthpiece attached to a Rudolph valve. The nose is occluded with a clip. The mouthpiece contains a small, shielded, calibrated, volumetric chamber fitted with a cadmium telluride semiconductor detector to allow readout of 133-Xe concentration over 200 msec intervals. Inhaled and exhaled 133-Xe are monitored continuously. A portion of exhaled gas is also drawn through a Capnograph. Exhaled gas is returned to another Douglas bag in the lead lined cabinet. All conduits between subject and cabinet are shielded. The resistance of the system is 1-2 cm water. Waste gas is pumped through an activated charcoal filter to remove 133-Xe before discharge into the atmosphere. The radiation dose estimated according to MIRD Dose Estimate Report No. 9 was approximately 12 mrads for the whole body and approximately 86 mrads for the lung during a study. 4 The rate of accumulation of isotope in the brain is measured over successive 5 sec intervals. Freedom from contamination by activity from the mouth is ascertained by the delayed arrival of 133-Xe in the brain (sudden rise in count rate) as compared with the mouth upon initial inhalation. Arrival of 133-Xe in the mouth and brain simultaneously indicates contamination. The 10-15 curves showing such artifact were corrected as follows: the delay in appearance between the mouth curve (mouth monitored by a detector) and the summated brain curve was measured, the slopes of the mouth and individual brain curves during this interval computed, and the ratios, r, between the slopes of the brain and mouth curves determined. The corrected brain count curve, N(t), is given by
is the observed brain count and M(t) the mouth count curve. Clearly, r for uncontaminated curves is zero and the correction is zero. The maximum correction was approximately 15% of counts at the peak.
The computation of blood flow is based on Obrist's compartmental analysis modified for quantitative analysis. 5 The basic equation is
in which N(t) equals the detector counts at time t, C A the end-tidal air isotope concentration, a a lumped constant relating count rate to concentration of tracer within the solid angle of view of a detector, and w,.\, and k t the relative tissue weight, tissue:blood partition coefficient and rate constant respectively for compartment i. Computer solution of the above equation by 31 40 50 60 70 80 ENERGY -K£v. VOL 16, No 1, JANUARY-FEBRUARY 1985 curve fitting (method of least squares) for a two compartment model yields />,, P 2 , k x , and k 2 . Blood flow is computed from/ = k^. The relationship f, = a w , / cannot be used in rCBF techniques because the value of a is unknown. The 3-D CEREFLO method, however, derives blood flow not from count rate curves ( fig.  3 ) but rather from concentration curves, C(t), such as fig. 4 . The relationship between C(t) and N(t) is given not by a, the lumped constant in the rCBF method but by an array of matrix coefficients representing gamma photon yield, detector size and efficiency, solid angle efficiency, inverse square effect, collimator factor, attenuation, and empiric factors each of which is quantitated in the CEREFLO method. 2 Eq. 1 in the CEREFLO method becomes (2) in which C a is the arterial isotope concentration which we derive from the end-tidal air concentration and the hematocrit. 6 Thus, mean blood flow in any subvolume using a two compartmental model is given by
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an expression similar to CBF°° and to 4>, two stable indices of cerebral blood flow by conventional rCBF techniques as discussed below. 78 Though a mean partition coefficient (K m ) is not needed to compute mean blood flow by the CEREFLO method, it can be determined from the expression X m = PJkj + P 2 /k 2 . The value of X m for the white matter subvolume is of special interest because this subvolume is quite homogeneous and its X m may be considered representative of the hemispheric X 2 . Additional comments on these questions appear below.
In order to determine proper temporal alignment between the end-tidal air and brain curves and its effect on the accuracy of flow indices, a bolus of 133-Xe in saline was injected into the superior vena cava in four elderly patients and the times of arrival of the tracer in exhaled air and in the brain (summed output of detectors free of counts from mouth) were measured. Arrival times in the brain were delayed 1.5-4 sec. Shifting the time bases of the brain and mouth curves by 5 sec introduced 2% error in f m when analysis of curves ('' start-fit time") began 5 sec after the end of breathing 133-Xe. Misalignment by 5 sec when the entire brain concentration curve (uptake and washout) was used introduced 12%-18% error in/ m . The "start-fit time" in the present study was 5 sec after 133-Xe shut off.
The accuracy of the 3-D CEREFLO method for quantitating concentration has been addressed previously. 1 collimator imperfections, and detector calibration, the coefficient of variation of concentration based on studies of phantoms is 9% in the cortical and 10% in the white matter and basal ganglia subvolumes. Location of a subvolume, e.g. hot in front of cold or vice versa, concentration of tracer in adjacent subvolumes, and non-uniform distribution of tracer in a subvolume were not significant sources of error. The accuracy of several brain blood flow indices by the CEREFLO method are discussed in Results.
Methods and Procedure
Four healthy young adults, three elderly volunteers, and three patients with cerebrovascular disease were studied while breathing air, then 3-5% CO 2 1 h later. Two elderly volunteers were retested on air. Measurements were made in the sitting position in a quiet dim room (shades drawn, lights out) during the day. Subjects ate but refrained from smoking and caffeine containing beverages on the day of the study. The procedure in making a measurement is as follows:
1. compute the 133-Xe concentration of the blood from end-tidal air Xe concentration and the solubility coefficient of Xe in blood adjusted for the hematocrit; 6 2. restrain the subject's head in the array and mark the scalp with the array markers. Allow the subject to breathe air through the system for 3-5 min and record vital signs at frequent intervals; 3. administer 133-Xe (10 mCi/1 air) and record brain uptake for 1 min and washout for 10 min over successive 5 sec intervals together with expired concentrations of isotope and CO 2 ; and, 4. measure the head size and shape and the location (X-Y-Z coordinates) of the detector array location markers on the scalp. The head size and shape and the location of the array position marks on the skull are determined with an electronic X-Y-Z digitizer. Skull thickness is obtained from CT scans. Scalp thickness is measured with an ultrasonic gauge using a 2-MHz pulse echo signal and skull thickness is confirmed at the same time. The worst case error in computing attenuation of 81 Kev gamma photons is 5% and the average error is 3.3% STROKE VOL 16, No 1, JANUARY-FEBRUARY 1985 over the range of densities of human skull bone. 9 The resulting errors in concentration and in blood flow are even less. 2 Boundaries of brain subvolumes are digitized from CT scans of the subject's head with an X-Y digitizer. Boundaries of subvolumes are not imposed by the system but may be selected according to the needs of a study. In these studies we defined anatomic substructures, lesions, and CSF spaces from visually determined isodense areas and vascular and bony landmarks on CT aided by atlases of the brain. The white matter subvolume was traced smaller deliberately in order to minimize inclusion of gray matter because, as noted above, the X m of the white matter subvolume was considered to be the X 2 for the hemisphere. Though we have not tried it, maps of Hounsfield numbers could be transferred from the CT to the CEREFLO computer directly. Scans of 5 mm thickness help reduce distortion from volume effect. This method of delimiting volumes of interest differs from that used in transmission and emission tomography which combine many small pixels of noisy information determined by the resolution of the scanner into larger more stable regions of interest. The volumes of the substructures in the present study are given under Results and the relationship to the volumetric resolving capacity of the instrument is reviewed in the Discussion.
Results
In addition to f m and X m , the CEREFLO method enables determination of/ 2 , w 2 ,f ] , and X ] from eq. 2, assuming X m for the white matter subvolume to be X 2 for all subvolumes. The pertinent equations are:/ 2 = k 2 k 2 , w 2 = PJf 2 ,f t = P,/(l-w 2 ) and X, = /,/*,, where P,, P 2 , k v and k 2 are determined by compartmental analysis. Table 1 gives estimates of accuracy of CEREFLO brain blood flow indices computed from five synthetic concentration curves based on Eq. 2 and an observed arterial concentration curve. The synthetic curves were composed of combinations of gray and white tissue given in the table. Each synthetic curve was perturbed 100 times by addition of 5%, 10%, and 20% white noise. Noise levels in this range affect stability almost linearly. Therefore, only the effect of 10% noise is shown. Inasmuch as X 2 is a measured variable used to compute f 2 , w 2> f ] , and X, the effect of instability was evaluated by inlcuding 10% random error in its value. Table 1 shows that f m and X m remain remarkably stable even during poor separation of/, and/ 2 and high errors in tissue concentration and X 2 . Differences between true and computed means for / and A. did not exceed 4% and 5.2% respectively, and RMS errors of the computed values did not exceed 12% and 9% respectively. On the other hand, good separation of/, and / 2 , low input noise, and adequate compartment weight are essential for compartmental indices. Large RMS errors paralleled large differences between true and computed means and low RMS errors, low differences. Table 2 presents results from the 21-24 year old Concentration curves were synthetized from eq. 2 in the text. Each simulated curve was perturbed 100 times with 10% random noise.
controls. The PA C O 2 w a s 36-^40 mm Hg while these subjects breathed air and 39^6 mm Hg while they breathed 3%-5% CO 2 . The most homogeneous subvolume in this method is the white matter with average "k m 1.46. Homogeneity is confirmed by the goodnessof-fit of the white matter washout curve to a monoexponential model as well as by the low coefficient of variation of the average partition coefficient. Goodness-of-fit is the ratio between observed and predicted results from the model following Poisson distribution. 10 CBF values were adjusted for 40 mm Hg PA C O 2 using the subject's measured CO 2 response. The mean flow averages were 50-60 ml/100 cc tissue/min in the 14 cortical subvolumes and 54-55 ml in the basal ganglia. The average subvolume mean flows did not reveal any systematic front-to-back or side-to-side differences. Average white mater subvolume blood flow was 24 ml/100 cc tissue/min which is similar to slow flow in CBF techniques with 133-Xe by inhalation using three compartmental analysis but higher than using two compartmental analysis." The former places the extracerebral tissues in the third compartment whereas the. latter includes them in the second compartment. The CEREFLO technique, as noted, localizes the scalp geometrically and measures its blood flow specifically. In these four control subjects it averaged 8 ml/100 cc tissue/min.
3-D CBF MEASURED WITH HPGe/Reich et al
The average hemispheric volume in the young normals were 726 ± 116 cc on the right and 715 ± 126cc on the left. The sizes of the subvolumes ranged as follows: frontal cortex, 132-198 cc; motor cortex, 42-63 cc; sensory cortex, 43-67 cc; temporal cortex, 84-126 cc; occipital cortex, 48-73 cc; parietal cortex, 90-135 cc; basal ganglia and midbrain, 32-A5 cc; white matter, 96-144 cc; and CSF, 0-27 cc.
The average CO 2 response of the young controls in table 2 was 5.7%-6.4%/mm Hg P AC02 for weighted hemispheric/ m and 2.2%-3.4% mm Hg for white matter subvolume/ m . The paucity of information about the effect of hypercarbia on white matter flow by rCBF techniques mitigates comparison with our results. Conventional rCBF techniques using two compartmental analysis do not emphasize f 2 because of contamination of the latter by flow in extracerebral tissues. Table 3 shows results from three healthy volunteers 73-84 years old. They were free of symptomatic or recognized neurologic circulatory or pulmonary disease, took no drugs, lived at home, were self-sufficient, socially active, and outgoing. The PA C 02 w a s 3 5 -36 mm Hg while breathing air and 38-48 mm Hg while breathing 3%-5% CO 2 . f m in the white matter sub- VOL 16, No 1, JANUARY-FEBRUARY 1985 volumes ranged 12-25 ml/100 cc tissue/min and X m 1.27 to 1.61. Mean flows were reduced in other subvolumes as well. Compartmental slippage has been reported under such conditions. 7 Reactivity to CO 2 was 1.4%-3.2% for the weighted hemispheric f m and 0-5% for the white matter subvolume f m .
The average hemispheric volume in the elderly controls was 692 ± 92 cc on the right and 712 ± 103 cc on the left. The range of sizes of the subvolumes was as follows: frontal cortex, 133-172 cc; motor cortex, 34-44 cc; sensory cortex, 3-45 cc; temporal cortex, 97-126 cc; occipital cortex, 42-55 cc; parietal cortex, 57-77 cc; basal ganglia, 30-44 cc; white matter subvolume, 110-143 cc; and CSF subvolumes, 55-72 cc. In the elderly, the latter were of sufficient size to enable estimation of their blood flow.
Patient MK (table 3) , a working 72-year-old executive secretary had 98% stenosis of the left internal carotid artery confirmed by angiography. She had no neurological symptoms or abnormal findings. The right internal carotid artery was patent. The intracranial vessel appeared uninvolved. CT was normal, save for minimal widening of the cortical sulci. The PA C O 2 on air and 3% CO 2 was 32 and 36 mm Hg respectively. In general, the distribution of mean blood flows resem- bled that of the normal elderly volunteers. The absence of differences in flow between the right and left hemispheres suggests the presence of good collateral circulation and is consistent with absence of significant intracranial vascular involvement on angiography. Patient AL (table 3) , a 61-year-old hotel bellman had experienced a six week period of confusion, amnesia, and diminished motor power on the right side approximately six months before he was studied. At the time of the study he had recovered and was working at his usual job. Angiograms showed complete occlusions of both internal carotid arteries. The left external carotid artery was stenotic at its origin. The left anterior cerebral artery did not fill. CT showed minimal to moderate cortical atrophy and enlargement of the left ventricle. The PACO2 w a s 42 mm Hg on air and 44 mm Hg on 3% CO 2 . Left hemispheric weighted mean blood flow was reduced as were/ m in the frontal, motor, sensory, and temporal cortices on the left. These results are compatible with the clinical appraisal of the ischemic portions of the left hemisphere.
Patient JKL (table 3) , a 74-year-old man, had a three year left frontoparietal infarct, cortical atrophy, and left ventricular enlargement, more on the left than on the right ( fig. 5 ). A CT section 8 cm above the canthomeatal line was used to outline the boundaries of the subvolumes reproduced in figure 6 . The patient had global aphasia with significant expressive component.
The PACO2 w a s 30 rnm Hg on air and 37 mm Hg on 3% CO 2 . Mean flow values in the left frontal and motor cortices were lower than on the right. Flow in the infarct approximated flow in white matter. The right parietal and the uninfarcted left parietal cortices had the same flows.
Retest values obtained after 1 hr in two elderly volunteers (JKA, JKL) showed differences within the theoretical accuracy of the method and support precision and reproducibility.
Attempts to measure blood flow in the cerebellum and in the brain stem have not been uniformly successful. To make these measurements consistently, will require adjustment of the array or addition of detectors to cover the back of the head better than at this time.
Discussion
Cerebral blood flow under clinical conditions is measured most frequently by means of a 133-Xe washout technique with NaI(Tl) scintillation detectors singly or arranged in a plane on the side of the head. This method has provided much information about the cerebral circulation but it suffers from shortcomings that have prompted a quest for better techniques. Serious limitations include the need to use assumed values of tissue:blood partition coefficients, contamination of measured data by radiation from the scalp and by scatterradiation, "crosstalk," and "lookthrough" owing to inability to determine the distribution of radiation activity (and thus flow) within the solid angle of view of a collimated detector.
CBF has been measured with positron emission tomography (PETT) using C 15 O 2 . While this technique enables appraisal of the distribution of radioisotope in a tomographic slice, it does not lend itself to wide use. It is very costly, delivers radiation to whole body and lung 15-50 times as high as with 133-Xe by inhalation, has limited temporal resolution, and requires immediate access to a cyclotron with large skilled professional and technical staffs. 12 -l3 Single gamma photon emission tomography (SPECT) with 133-Xe and with N-isopropyl-p-[123-IJiodoamphetamine (IMP) has also been used for measuring distribution of the CBF. 14 ' " These methods cost less and can be performed more readily than PETT. However, temporal resolution is poor, spatial resolution suffers from the poor energy resolving capability of NaI(Tl) scintillation detectors, and whole body and lung radiation doses from IMP are 13 times higher than from 133-Xe. Some SPECT techniques also use assumed partition coefficients.
Measurement of xenon washout from the brain with CT scanners was reviewed recently by Gur. 16 The advantages of this technique are that it uses stable Xe and has small volume resolving capability. The limitations are that at low concentrations xenon enhances attenuation poorly, at higher concentrations it affects blood flow, temporal resolution is poor, and study of the entire brain requires repeated scanning. Furthermore, the radiation dose in a CT study is not trivial, the whole STROKE VOL 16, No 1, JANUARY-FEBRUARY 1985 body dose from scattered radiation alone being about the same as the whole body dose in a 133-Xe washout study but with higher radiation doses to the thyroid and the brain. 16 No doubt, the lung dose is less.
The merit of the CEREFLO method described in this paper is that it overcomes the shortcomings of the regional 133-Xe washout techniques thereby allowing accurate quantitation of the 3-D distribution of radioactive tracer in the entire brain simultaneously. The instrument has no moving parts which permits tracking rapid changes in 3-D distribution of concentration. In the present study, flows were computed from concentration curves based on 133 data points.
rCBF techniques by washout of 133-Xe that use Nal(Tl) scintillation detectors bemoan this isotope because of the large scatter fraction in its photopeak. For the CEREFLO technique, however, 133-Xe is an almost ideal tracer. Scatter originating outside the solid angle of view of an HPGe detector is rejected and build-up within the solid angle of view is quantitated accurately. Furthermore, even the 81 KeV photons of 133-Xe in soft tissues under the skull are attenuated in their passage through the base of the skull and the brain which makes possible selective placement of detectors all around the head, not only the sides.
The spatial and temporal resolutions of the CERE-FLO array require comment. The CEREFLO array has no moving parts and can track the distribution of concentration of 133-Xe in the entire brain simultaneously. The 200 detectors and collimators in this first generation instrument offer a theoretical resolving capability of 200 subvolumes in the object within the confine of the array, i.e. in the human head. At count rates obtained from the dose of 133-Xe administered in this study, overdetermination by 5:1 was used in order to attain the selected level of accuracy. Consequently, the smallest volume in which blood flow was measured was the 30-45 cc basal ganglia subvolume. In previous studies of phantoms consisting of 42 parallelopipeds, wedges, and pyramids (average volume 39.1 cc) filled with an average 1.21 ^tCi/cc of tracer to approximate that expected in measurement of CBF, and assembled in the shape of the brain, it was possible to reconstruct the distribution of concentration in the subvolumes with a mean relative error of 8.3%. 2 Assuming 10% error in concentration, i.e. error on the order of that in the phantom studies, the accuracy of/ m in the present study varies from 9% to 12% and that of X m from 4% to 9% (table 1) .
Clearly, the accuracy of tests that use radioisotopic tracers depends to a large extent on the count rate. Better spatial and temporal resolutions without sacrificing accuracy can be attained with higher counts from larger tracer dose, more detectors in the array and reduction of system error. Improving the spatial resolution of this first generation instrument seems to merit priority. Though we have not tried it, one way to accomplish this may be to administer both 127-Xe and 133-Xe and measure photons of several energies so as to increase independent projection data. Simultaneous measurement of the 31, 81, 176, and 203 Kev photons is feasible and can be accomplished by addition of single channel analyzers to the detector lines.
The similarity of the mean subvolume blood flow, f m , by the 3-D CEREFLO method and CBF°° and <$> by rCBF methods is noteworthy. The former index is a non-compartmental estimate equivalent to the stochastic height-over-area method and was proposed by Obrist and Wilkinson 7 for its stability in the face of "compartmental slippage," the apparent shift of compartmental sizes due to operation of the computational algorithm on imperfect data. The present results show that under such conditions or when the relative size of a compartment -particularly w 2 -is small, "slippage" affects X t and X 2 even more than w, and w 2 . The latter observation is not possible with rCBF techniques because X t and X 2 are assumed and held fixed. CBF°°r equires assumption of a mean X.
The index <j ) was introduced by Blauenstein 8 from Halsey's laboratory. It is proportional to total blood flow, is less sensitive to "look through" of non-perfused areas than other indices in rCBF techniques and its computation does not require X. Inasmuch as it is proportional to the count rate, it is sensitive to changes in detector efficiency and short term drift which may be considerable in Nal(Tl) scintillation systems."
In an earlier summary of preliminary results we reported 3-D CEREFLO measurements in eight healthy young adults. ' 8 The computation was based on analysis of a single compartment model. The present computations, based on a two compartment model, allow better fit of observed to predicted values and greater stability. The results reported previously showed higher occipital cortex and lower hemispheric mean flows than the present model.
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